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User Cost of Debt-Financed Capital in Irish Manufacturing 
Industry: 1985 – 2011 
 
1. Introduction 
Macroeconomic theory relates long run economic growth to the expansion in the productive 
capacity of inputs in the production process. Therefore it is important to understand the 
underlying drivers of the quantity and quality of factors of production in an economy. An 
obvious starting point is to examine the impact of factor prices on the decision by firms to 
employ different combinations of inputs in the production process. A measure of factor 
prices is an essential input in such analysis, and while it is relatively easy to measure the cost 
of labour, it is far more difficult to put a number on the cost of capital to the firm over a 
given period of time.  
This paper provides estimates of the cost of debt-financed capital to Irish manufacturing 
industry over the period 1985 to 2011. Enterprise surveys conducted in 2005 (The World 
Bank, 2012) and 2012 (Department of Finance, 2012) suggest that debt financing is the 
single most important external source of investment financing for Irish private sector 
enterprises1, accounting for approximately 50% of total external financing sources. In 2012 
this is followed by trade credit (19%), equity (15%), debt from non-bank financial institutions 
(4%), new debt issues (4%), and informal lending sources (8%) (Department of Finance, 
2012). 
Estimates presented in this paper are based on the concept of the user cost of capital, 
broadly defined as a measure of the economic cost to a firm of its usage of capital goods and 
services over a given time period. They are provided for two types of capital assets: 
machinery and equipment and industrial buildings. The results show that between 1985 and 
2008, the user cost of investing in machinery and equipment was higher than the user cost 
of investing in industrial buildings, indicating a relatively higher marginal productivity of 
machinery and equipment over this period. The main reason for this difference over the 
period 1985 to 2000 is a relatively higher depreciation cost of machinery and equipment, 
while during the Celtic Tiger period the main factor behind the difference is higher real 
capital gains on industrial buildings. While throughout the period real capital gains had a 
relatively small impact on the user cost of investing in machinery and equipment, large real 
capital gains on industrial buildings during the Celtic Tiger period caused a downward 
distortion in the cost of investing in this asset. The estimates incorporate the impact of 
various policy interventions - corporate taxation, capital grants and depreciation allowances 
- aimed at influencing investment behaviour of manufacturing firms in Ireland. The results 
show that, on average, these policy interventions reduced the cost of capital compared to 
                                                                                 
 
1  Internal funds/retained earnings accounted for 50% of overall investment financing in 2005 (The World 
Bank, 2012) and 74% of investment financing in 2012 (Department of Finance, 2012). 
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the cost of capital in the absence of these interventions. In particular, the lowest cost of 
capital was incurred by firms which could avail of all policy interventions, while firms not 
affected by any policy intervention faced the highest cost of capital, the market cost. With 
the exception of the period 2009 to 2011, the tax-related policy interventions were more 
favourable in the case of industrial buildings. Therefore, in addition to an already distorted 
cost of investing in industrial buildings due to real capital gains, policy interventions further 
exacerbated the difference in the relative attractiveness of the two types of assets as 
investment opportunities at the margin. In 2009 a real capital loss on industrial buildings 
occurred for the first time over the period, and in 2009, 2010 and 2011 the user cost of 
investing in industrial buildings exceeded the cost of investing in machinery and equipment.  
 
2. Theoretical Framework 
2.1. Derivation of the Expression for the Market Cost of Capital2 
The starting point for the analysis is the market cost of capital, defined as the cost of capital 
that firms would incur in the absence of policy interventions.3 The expression for the market 
cost of capital is derived from a model of investment behaviour based on the neoclassical 
theory of optimal capital accumulation (Jorgenson, 1963, 1967). The theory assumes that 
firms operate in a certain, frictionless world, where the production process is described by a 
production function which, at every point in time, relates flows of labour and capital inputs 
to the flow of output. By investing in capital goods, the firm supplies capital services to itself. 
Following the derivation in Jorgenson (1967), let Q, L and I denote levels of output, variable 
input, and investment in durable goods, and p, w, and q denote the prices of Q, L, and I, 
respectively. Then, the net revenue to the firm at time t, R(t), is given by: 
𝑅(𝑡) = 𝑝(𝑡)𝑄(𝑡) −𝑤(𝑡)𝐿(𝑡) − 𝑞(𝑡)𝐼(𝑡)       (1) 
Let i(s) denote the nominal discount rate at times. Then the present value of the firm, W, is 
given by: 
𝑊 = ∫ 𝑒−∫ 𝑖(𝑠)𝑑𝑠𝑡0 𝑅(𝑡)𝑑𝑡∞0          (2a) 
Without loss of generality (Jorgenson, 1967), it can be assumed that 𝑖(𝑠) = 𝑖, so that the 
present value can be expressed as: 
𝑊 = ∫ 𝑒−𝑖𝑡𝑅(𝑡)𝑑𝑡∞0 .          (2b) 
                                                                                 
 
2  The derivation in this paper is taken from Jorgenson (1967). 
3  Policy interventions include corporate taxation, capital grants and depreciation allowances. They are 
discussed in subsequent sections of the paper. 
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When maximising its present value, the firm is subject to two constraints. First, assuming 
that capital stock is fully utilised and capital replacement δ is proportional to capital stock, 
the expression for net investment is given by: 
?̇? = 𝐼(𝑡) − 𝛿𝐾(𝑡);          (3) 
where ?̇? = 𝑑𝐾
𝑑𝑡
 is the rate of change in the flow of capital services with respect to time. 
Second, output, labour and capital services are constrained by the production function, 
which is assumed to be strictly convex and twice differentiable with positive marginal rates 
of substitution between inputs and positive marginal productivities of both inputs 
(Jorgenson, 1967): 
𝐹(𝑄, 𝐿,𝐾) = 0 ⟺ 𝐹(𝐿,𝐾) − 𝑄 = 0;⟹ 𝜕𝐹
𝜕𝐿
> 0, 𝜕𝐹
𝜕𝐾
> 0, 𝜕𝐹
𝜕𝑄
< 0     (4) 
Overall, the objective of the firm is to maximize the net present value (2b) subject to (3) and 
(4).  
In order to solve the optimisation problem, the following Lagrangian, L, is considered 
(Jorgenson, 1967): 
𝐿 = � �𝑒−𝑖𝑡𝑅(𝑡) + 𝜆0(𝑡)𝐹(𝑄, 𝐿,𝐾) + 𝜆1(𝑡)�?̇? − 𝐼 + 𝛿𝐾��𝑑𝑡∞
0
= � 𝑓(𝑡)𝑑𝑡∞
0
.  
The corresponding Euler necessary conditions, which determine the path of Q, L and K that 
gives the maximum present value in (2b) subject to constraints (3) and (4), are (Jorgenson, 
1967): 
𝜕𝑓
𝜕𝑄
= 𝑒−𝑖𝑡𝑝 + 𝜆0(𝑡) 𝜕𝐹𝜕𝑄 = 0,          (5) 
𝜕𝑓
𝜕𝐿
= −𝑒−𝑖𝑡𝑤 + 𝜆0(𝑡) 𝜕𝐹𝜕𝐿 = 0,          (6) 
𝜕𝑓
𝜕𝐼
= −𝑒−𝑖𝑡𝑞 − 𝜆1(𝑡) = 0,         (7) 
𝜕𝑓
𝜕𝐾
−
𝑑
𝑑𝑡
𝜕𝑓
𝜕𝐾
= 𝜆0(𝑡) 𝜕𝐹𝜕?̇? + 𝛿𝜆1(𝑡) − 𝑑𝑑𝑡 𝜆1(𝑡) = 0,      (8) 
𝜕𝑓
𝜕𝜆0
= 𝐹(𝑄, 𝐿,𝐾) = 0,          (9) 
𝜕𝑓
𝜕𝜆1
= ?̇? − 𝐼 + 𝛿𝐾          (10) 
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The following marginal productivity condition for labour services follows from (5) and (6) 4: 
𝜕𝑄
𝜕𝐿
= 𝑤
𝑝
          (11) 
Because output, labour, wages and prices are functions of time, the marginal productivity 
condition holds at all points in time over an indefinite future. 
It follows from (7) that 𝜆1(𝑡) = −𝑒−𝑖𝑡𝑞. Consequently, the first order condition for capital 
services (8) can be rewritten as: 
𝜆0(𝑡) 𝜕𝐹𝜕?̇? − 𝛿𝑒−𝑖𝑡𝑞 − 𝑟𝑒−𝑖𝑡𝑞 + 𝑒−𝑖𝑡?̇? = 0       (12) 
Solving a system of (12) and (5) yields the marginal productivity condition for capital 
services: 
𝜕𝑄
𝜕𝐾
= 𝑞(𝑖+𝛿)−?̇?
𝑝
= 𝑐
𝑝
,           (13) 
where the nominal user cost of capital is 𝑐 = 𝑞 �𝑖 + 𝛿 − ?̇?
𝑞
�.              (14a) 
As output, prices, and the discount rate are functions of time, this marginal productivity 
condition holds at all points in time over and indefinite future. 
The nominal user cost of capital in equation 14a is defined as “… the implicit rental value of 
capital services supplied by the firm to itself” (Jorgenson, 1967, p.143). It relates four 
variables: investment price 𝑞, nominal interest rate i, depreciation rate 𝛿, and the 
proportionate change in investment prices ?̇?
𝑞
.  
In the original Jorgenson (1963) paper it was assumed that nominal capital gains on the price 
of investment good, ?̇?
𝑞
, are ‘transitory’ and do not affect the long-run demand for capital. 
However, this assumption that ?̇?
𝑞
= 0 is dropped in more recent studies, as discussed in 
section 3 below, and the effect of capital gains on the cost of capital is also taken into 
account in this paper. In turn, this approach assumes that firms could realise capital gains on 
the price of their fixed assets, either through a sale of the asset, or through borrowing 
against the value of the asset5.  
Finally, let 𝜋 denote the inflation rate in the price of output p. If the real interest rate r is 
defined as 𝑟 = 𝑖 − 𝜋, and the real capital gain Γ is defined as Γ = ?̇?
𝑞
−  𝜋, the the expression 
                                                                                 
 
4  The restriction 𝑑𝐹
𝑑𝑄
< 0 in the production function constraint (4) ensures a positive marginal productivity 
condition in (11). 
5  The framework in this section would need to be modified if it was assumed that firms are unable to realise 
capital gains entirely (due to credit constraints, which prevent them to borrow against the value of the 
assets, or otherwise). A simple way of incorporating firms' limited ability to realise capital gains in this 
framework would be to limit the reduction in the cost of capital due to capital gains to a fraction of the total 
possible reduction, depending on the extent to which capital gains can be realised.  
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for the nominal user cost of capital in equation 14a can be rewritten in terms of investment 
price 𝑞, real interest rate r, depreciation rate 𝛿, and real capital gain Γ as follows: 
𝑐 = 𝑞 �𝑖 + 𝛿 − ?̇?
𝑞
� = 𝑞�(𝑟 + 𝜋) + 𝛿 − (Γ + 𝜋)� = 𝑞(𝑟 + 𝛿 − Γ)              (14b) 
In this paper this user cost of capital in the absence of policy interventions is referred to as 
the market cost of capital, 𝐶𝑀𝑘𝑡. It is a starting point for the analysis in the form using the 
real interest rate and the real capital gain as shown in equation 14b. 
2.2. Impact of Individual Policy Interventions on Market Cost of Capital 
In addition to the factors incorporated in the market cost of capital, investment decisions of 
firms in Ireland are affected by various policy interventions. These consist of capital grant 
schemes and tax-related measures, which include corporate taxation and depreciation 
allowances. In turn, the impact of each policy intervention is incorporated in the expression 
for the market cost of capital so that in equilibrium, the after-tax marginal product of capital 
equals the cost of investing in this unit of capital.  
Impact of Corporate Taxation 
Consider a firm which is subject to corporate taxation at a rate 0 < 𝜏 < 1. In Ireland 
companies are allowed to deduct from their corporate tax liability all payments of interest 
other than interest treated as distribution (Revenue, 2013). Therefore, the effective after-tax 
real interest rate to the firm subject to corporate taxation at rate τ is given by 𝑟’ =
𝑖(1 − 𝜏) − 𝜋, where i is the nominal interest rate and π is inflation rate. This after-tax real 
interest rate r’ is unambiguously below the real interest rate r faced by a firm not subject to 
corporate taxation. Therefore, the effective after tax user cost of capital to a firm with a 
corporate tax liability, Cτ, is given by:  
𝐶𝜏 = 𝑞 𝑟’+𝛿−Γ1−𝜏 , where 𝑟’ = 𝑖(1 − 𝜏) − 𝜋                   (15) 
It is important to note that the overall impact of corporate taxation may be to reduce the 
user cost of capital below market cost because taxation reduces the real interest rate 
compared to the no tax case. To illustrate, suppose that interest is not tax deductible (𝑟’ =
𝑟. Then the user cost of capital to a firm is given by 𝐶𝑥 below, and is unambiguously higher 
than the market cost of capital 𝐶𝑀𝑘𝑡  by a factor 
1
1−𝜏
: 
𝐶𝑥 = 𝑞 𝑟 + 𝛿 − Γ1 − 𝜏 = 𝐶𝑀𝑘𝑡 × 11 − 𝜏. 
However, when interest is tax deductible (𝑟’ < 𝑟), and the after tax cost of capital is given 
by 𝐶𝜏 in equation 15 above, the increase in the cost of capital of 
1
1−𝜏
 is, at least partially, 
offset by the reduction in the after-tax real interest rate r’ created by interest tax 
7 
deductibility. In fact, it is possible that this reduction in r’ more than offsets the increase 1
1−𝜏
 
in the cost of capital that would occur if interest was not tax deductible. In this case the cost 
of capital is actually below market cost 6: Cτ < CMkt ⇔ r’ + δ − Γr + δ − Γ < 1 − τ 
 
Impact of Capital Grants 
Consider a company whose investment project is approved for a capital grant at rate g in its 
first year. Effectively, this means that proportion g of the investment expense is subsidised. 
If the capital grant is the only applicable policy intervention, the user cost of capital, 𝐶𝑔, is 
unambiguously reduced below the market cost by rate g: 
𝐶𝑔 = 𝑞(𝑟 + 𝛿 − Γ)(1 − 𝑔) < 𝐶𝑀𝑘𝑡, where 𝑟 = 𝑖 − 𝜋     (16) 
 
Impact of Depreciation Tax Allowances 
Depreciation allowances consist of an initial allowance and a stream of annual allowances. 
Because depreciation allowances serve to reduce the firms’ tax bill, they are only available to 
companies with corporation tax liabilities. An initial allowance A is the proportion of non-
grant capital expenditure than can be offset against corporation tax immediately. Annual 
depreciation allowances refer to the rate α of straight-line annual write-down against tax of 
the proportion of the historical value of capital assets for which an initial allowance was not 
already claimed, (1-A), until the historical cost of the project is fully written down for 
accounting purposes.  
Consider a firm which at the beginning of year t invests in an asset. The firm is entitled to an 
initial allowance at rate A of total expenditure when the expenditure is incurred in year t. 
Thereafter, the firm is also entitled to a stream of straight line annual depreciation tax 
allowances at rate 𝛼 on the proportion 1-A of the cost of the investment project until 
expenditure is fully written down in year T. The present value of such a stream of 
depreciation tax allowances, which can be set against tax 𝜏 at the start of year t, when the 
project is incurred, is given in equation 17: 
𝑃 = 𝜏 �𝐴 + (1 − 𝐴) �∑ 𝛼(1+𝑖)𝑗𝑇−1𝑗=1 + 1−𝛼(𝑇−1)(1+𝑖)𝑇 ��      (17) 
To illustrate, assume that A=30% and α=15%. The depreciation tax allowances are shown in 
Table 1. The project is fully written down for tax purposes in year 7 (T=7). Note that at the 
                                                                                 
 
6  The results presented in section 5.2 show that taxation indeed reduced the cost of investing in industrial 
buildings below market cost in some years over the period 1985 to 2010. 
8 
end of the sixth year 90 per cent of the project cost is already written down. Therefore, 
annual allowance of 10 per cent (and not 15 per cent) can be claimed against tax in year 7.  
Assuming that nominal interest rate i=10%, the present value P of tax relief due to 
depreciation allowances calculated using equation 17 is 0.793𝜏. 
Therefore, the user cost of capital 𝐶𝜏𝐷 to a firm which can avail of depreciation tax relief 
specified in equation 17 is given in equation 18: 
𝐶𝜏 = 𝑞 𝑟’+𝛿−Γ1−𝜏 (1 − 𝑃)7;  
Where  𝑟′ = 𝑖(1 − 𝜏) − 𝜋,𝑃 = 𝜏 �𝐴 + (1 − 𝐴) �∑ 𝛼(1+𝑖)𝑗𝑇−1𝑗=1 + 1−𝛼(𝑇−1)(1+𝑖)𝑇 ��  (18) 
 
Table 1: Depreciation tax allowances over the life of the project when initial allowance 
A=30% and annual depreciation allowance α=15%. 
Year A 
(% of total cost) 
1-A 
(% of total cost) 
α 
(% of net cost 1-A) 
Cumulative α 
(% of 1-A) 
1 30 70 15 15 
2 - - 15 30 
3 - - 15 45 
4 - - 15 60 
5 - - 15 75 
6 - - 15 90 
7 - - 10 100   
2.3. Aggregate Impact of Policy Interventions 
It follows from the analysis of the individual impacts of policy interventions above that the 
effective user cost of capital is firm and project specific: it depends on whether the company 
incurs tax liability, and the characteristics of the project which determine whether the firm is 
eligible for a capital grant. On this basis, there are four viable combinations of company and 
project characteristics, which give rise to different effective costs of capital: 
1) A company is affected by all policy interventions, i.e. it is a capital grant recipient 
and subject to corporate taxation, and can therefore avail of tax allowances. Its user 
cost of capital 𝐶𝐴𝐿𝐿 is given in equation 19: 
𝐶𝐴𝐿𝐿 = 𝑞 𝑟’+𝛿−Γ1−𝜏 (1 − 𝑔)(1 − P); 
where 𝑟’ = 𝑖(1 − 𝜏) − 𝜋, 𝑃 = 𝜏 �𝐴 + (1 − 𝐴) �∑ 𝛼(1+𝑖)𝑗𝑇−1𝑗=1 + 1−𝛼(𝑇−1)(1+𝑖)𝑇 ��.  (19)  
                                                                                 
 
7  It should be noted that this method of incorporating the impact of depreciation tax allowances 
overestimates their effects on the cost of capital because it implies that the firm is entitled to the allowance 
on the current value of the entire capital stock. 
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2) A company is ineligible for a capital grant (𝑔 = 0), but is subject to corporate 
taxation and can therefore avail of tax allowances. Its user cost of capital 𝐶𝜏𝑃 is given 
in equation 20: 
𝐶𝜏𝑃 = 𝑞 𝑟’+𝛿−Γ1−𝜏 (1 − P); 
where 𝑟’ = 𝑖(1 − 𝜏) − 𝜋, 𝑃 = 𝜏 �𝐴 + (1 − 𝐴) �∑ 𝛼(1+𝑖)𝑗𝑇−1𝑗=1 + 1−𝛼(𝑇−1)(1+𝑖)𝑇 ��.  (20) 
3) A company is unprofitable and therefore has no taxation liability (𝜏 = 0 ⇒ 𝐴,𝛼 =0. It is, however, eligible for a capital grant at rate g. Its user cost of capital, 𝐶𝑔, is 
given in equation 16: 
𝐶𝑔 = 𝑞(𝑟 + 𝛿 − Γ)(1 − 𝑔), where 𝑟 = 𝑖 − 𝜋.      (16) 
4) A company is unprofitable (𝜏 = 0 ⇒ 𝐴,𝛼 = 0) and ineligible for a grant (𝑔 = 0). Its 
user cost equals market cost of capital in equation 14b above: 
𝐶𝑀𝑘𝑡 = 𝑞(𝑟 + 𝛿 − Γ), where 𝑟 = 𝑖 − 𝜋.                 (14b) 
It is worth noting that a company not liable to corporate tax, and therefore unable to avail of 
depreciation tax allowances (case 3 and case 4), may still be able to benefit from these tax 
allowances indirectly by engaging in leasing agreements with companies that are able to 
avail of depreciation allowances (case1 and case 2) and are willing to pass a part of these 
benefits to the lessee. The higher the proportion of tax benefits which lessors are willing to 
transfer to lessees, the closer the cost of capital achievable by lessees is to that of the 
lessors8.  
 
3. Literature Review9 
In the past several authors estimated the cost of capital to Irish industry. All studies were 
based on the neoclassical theory of investment behaviour discussed above. In this section, 
the results of these studies are reviewed. For clarity, a common notation of the components 
of the user cost of capital, given in Table 210 below, is used throughout the alternative 
formulations of the user cost of capital in the literature review. 
  
                                                                                 
 
8  For a more detailed discussion of leasing agreements and the associated cost of capital see Ruane & John 
(1984). 
9 This section draws on Kearney (2001) Appendix B.3. 
10 Notation in this section (Table 2) corresponds to the notation in the preceding section describing the 
theoretical framework.  
10 
Table 2: Notation of Components of the User Cost of Capital 
Symbol Definition 
i Nominal interest rate 
r Real interest rate 
𝜹 Depreciation rate 
q Price of investment good 
p Price of output 
?̇? 𝒒⁄  Nominal capital gain on the price of investment good 
𝚪 Real capital gain on the price of investment good 
𝝉 Corporate tax rate 
g Capital grant rate 
A Initial allowance 
α Annual depreciation allowance 
The first study is by Geary, Walsh and Copeland (1975), updated by Geary and McDonnell 
(1979). They use the formulation of the market cost of capital, 𝑐1, as: 
𝑐1 = 𝑞(𝑖 + 𝛿) 
They also estimate another variant of the user cost of capital, 𝑐2, which allows for full 
deduction of initial capital allowance 𝐴 and interest i against tax 𝜏 : 
𝑐2 = 𝑞((1 − 𝜏𝐴)𝑖 + 𝛿) 
As discussed in section 2.1, in the original Jorgenson (1963) paper it was assumed that 
capital gains on the price of investment good are ‘transitory’ and do not affect the long-run 
demand for capital. However, this pre-ceded the era of high inflation in the 1970s, and in 
their papers Geary et al. drop the assumption that capital gains are transitory, and estimate 
variants of the cost of capital 𝑐3 (1975 paper) and 𝑐4 (1979 paper), allowing for the impact of 
both initial allowances and nominal capital gains: 
𝑐3 = 𝑞 �(1 − 𝜏𝐴) �𝑖 − ?̇?𝑞 � + 𝛿�, 
𝑐4 = 𝑞 �(𝑖(1 − 𝜏𝐴) + 𝛿) − �1 + 𝑖(1 − 𝜏𝐴)� ?̇?𝑞� 
Due to nominal capital gains, their estimates of the cost of capital using variant 𝑐4 were 
negative in the years 1974 and 1975. Overall, their results indicated that the cost of capital 
in Ireland, however measured, has risen less quickly than the cost of labour in the period 
1953 to 1975, and the effect of government tax and grant policies was to raise the cost of 
labour relative to the cost of capital over the period. 
FitzGerald (1983) uses the basic formula 
𝑐5 = 𝑞 (𝑟 + 𝛿)(1 − g − 𝜏𝐴)�1 − 𝜏(𝑧 + 𝑦)�1 − 𝜏  
where z and y are the present value of the tax shield on depreciation and interest paid 
(including the effects of initial allowances A), respectively. He argues that the Geary et al. 
11 
(1975) formulation 𝑐1 leads to an upward bias in the estimated cost of capital because it 
includes nominal rather than real interest rate. 
FitzGerald estimates separate cost of capital series for exporting manufacturing firms, which 
faced a zero corporate tax rate, and non-exporting firms, which faced a reduced 10 per cent 
corporate tax rate, over the period 1957 to 1980. The estimated results indicated that the 
cost of capital was higher for exporting firms than non-exporting firms because exporters 
could not exploit the full range of allowances available. He pointed out, however, that this 
result must be viewed with caution. Firstly, tax incentives only applied to fixed assets and 
not to working capital, which lead to an overestimation of the tax shield. Secondly, at the 
margin, the tax savings on profits from new investment due to the tax shield cannot exceed 
the tax savings from a zero tax rate. Thirdly, the interest tax shield applies only to debt 
financing. Finally, measured capital includes the factor ‘enterprise’ which unambiguously 
benefits from a zero tax rate. 
Ruane and John (1984) provide an excellent synthesis of the range of cost of capital 
formulae applicable to firms facing different tax and financing options, and the analysis in 
this paper largely draws on their theoretical framework. Their basic market cost of capital 
formula is: 
𝑐6 = 𝑞𝑝 (𝑟 + 𝛿 − Γ). 
 
In their framework, the lower bound for the cost of capital is achievable by firms who can 
exploit the full range of allowances and grants, and is given by the following expression: 
𝐶𝑚𝑖𝑛 = 𝑞𝑝 (𝑟′ + 𝛿 − Γ)(1 − 𝑔 − 𝐴𝜏 − 𝑃(1 − 𝐴)𝜏)1 − 𝜏 , 
where 𝑟ʹ = 𝑖(1 − 𝜏) − 𝜋 is the real after-tax interest rate, 𝜏 is corporate tax rate, and 
𝑃 = − 𝛼(𝑟′+𝜋+𝛼) �𝑒−𝑇�𝑟′+𝜋+𝛼� − 1� is the present value of the stream of annual depreciation 
allowances 𝛼. 
The upper bound for the cost of capital applies to firms who pay no tax and therefore have 
no access to tax benefits, and is given by the following expression: 
𝑐𝑚𝑎𝑥 = 𝑞𝑝 (𝑟 + 𝛿 − Γ)(1 − 𝑔). 
In addition, they define formulae for the cost of capital under leasing, and for firms who sell 
their output on both the domestic and the export markets.  
Their results indicate that there is a wide range of variation in the marginal cost of capital 
bounded by 𝑐𝑚𝑖𝑛 and 𝑐𝑚𝑎𝑥  for different firms in the manufacturing sector. In all cases, the 
net effect of the range of fiscal and financial incentives has been to subsidise capital rather 
than labour. They found that the fiscal incentives, such as tax-saving from interest tax 
deductibility and depreciation allowances, had a greater effect than financial incentives 
(capital grants) on the cost of capital. 
12 
Frain (1990) defines the real cost of capital as 
𝑐7 = 𝑞𝑝 �𝑖 + 𝛿 − ?̇?𝑞� 1 − 𝑔 − 𝜏(𝑧 + 𝑦)1 − 𝜏 , 
where z and y are the present value of the tax shield on depreciation and interest paid, 
respectively (including the effect of initial allowances A).  
In his definition of the cost of capital Frain incorporated the fact that after 1986 the tax 
allowances on investment in plant and machinery were deductible net of grants (this was 
always the case for investment in buildings) so that the cost of capital was then given by: 
𝑐1986 = 𝑞𝑝 �𝑖 + 𝛿 − ?̇?𝑞� (1 − 𝑔)�1 − 𝜏(𝑧 + 𝑦)�1 − 𝜏 . 
He estimates a set of different cost of capital series for investments with lives of five, ten, 
twenty and forty years over the period 1960 to 1989. He found that a 1 per cent rise in both 
nominal and real interest rates in 1989 caused the market cost of capital to rise by 0.9 per 
cent. He emphasises the importance of the system of capital grants as an investment 
incentive in reducing the cost of capital. Optimally the tax system should be designed to be 
neutral with respect to the investment decision while his estimates indicate that the cost of 
capital was negative in some years in the 1970s and 1980s for firms paying the full corporate 
tax rate11. This was because the Irish tax system overcompensated by a combination of 
grants and interest and depreciation tax shields which were in excess of tax liability. 
 
4. Data  
This section contains a description of the data used to construct the estimates of the user 
cost of capital based on the theoretical framework described in section 2. 
Real Interest Rate 
According to the neoclassical theory of optimal capital accumulation, the discount rate i is 
the discount rate which a firm uses to decide whether to undertake an investment project; 
in other words i is the rate the company uses to discount its net cash flows generated by the 
investment project. Theoretically, this interest rate should correspond to the cost of funds. 
The assumption in this paper is that at the margin, investments in manufacturing machinery 
and equipment and industrial buildings were debt financed, so that the discount rate used 
should be the interest rate on loans approved for such projects. Therefore, the nominal 
interest rates used were average annual rates on category AA loans12, which include loans 
extended to the manufacturing sector as well as borrowers from the primary, construction, 
and services sectors.  
                                                                                 
 
11  In practice this includes very few firms since all manufacturing firms qualified for the 10 per cent tax rate. 
12  This dataset was provided by the Central Bank of Ireland. 
13 
It is also assumed that the term of loans extended for investment in machinery and 
equipment is shorter than for investment in industrial buildings. To capture this difference in 
loan terms, rates on one to three year loans were used for manufacturing machinery and 
equipment, while rates on 5 to 7 year loans were used for industrial buildings.13 These are 
charted against the clearing banks’ prime lending rate in Figure 1 below.  
The figure shows a general decline in lending rates over the period 1985 to 2011. By 2011 
the rates on AA loans fell by more than 6 percentage points from approximately 14 per cent 
in 1985, while the prime lending rate declined from 12 per cent in 1985 to only two per cent 
in 2011. Overall, this suggests that while the cost of debt to AA borrowers declined over the 
period, the premium they paid over the prime lending rate had increased from 
approximately two percentage points in 1985 to 6 percentage points in 2010. The graph also 
shows that the maturity premium in the AA category declined. At about 2 percentage points 
difference it was highest in the late 1980s and early 1990s, and then declined steadily to a 
mere 0.5 percentage point difference between 2007 and 2011.  
Figure 1: Average Annual Rates (%) on AA Loans and Prime Lending 
 
Inflation in manufacturing output prices (CSO, 2012d) was used to generate real cost of 
financing series from the nominal interest rates described above. It is assumed that firms’ 
real interest rate expectations were adaptive; that is, firms are assumed to form 
                                                                                 
 
13  Arguably, loans extended for investments in industrial buildings include mortgages with maturities longer 
than 7 years. However, 5-7 year loans are the loans with the longest maturity in our dataset with rates on 
category AA loans. We use this dataset because rates on category AA loans include loans extended to the 
manufacturing sector, and are therefore the most representative interest rates for the manufacturing 
sector. However, in section 6.1 we perform a sensitivity test to interest rates using rates on loans with terms 
over 5 years which were extended to non-financial corporations in the euro-area by credit institutions 
resident in Ireland. 
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expectations about real interest rates based on real interest rates they observed in the 
current and previous periods. In particular, the real interest rate series were smoothed using 
three year moving average.14 While this is a simple representation of expectations, it 
captures a significant element of investment behaviour, particularly during the Celtic Tiger 
period, where investors expected credit conditions of the past to continue in the future. 
The smoothed real and nominal financing cost series are shown in Figures 2A and 2B. They 
show that between 1985 and 2002 the real financing cost was below the nominal cost. The 
real financing cost is above nominal cost between 2003 and 2010, before returning to a level 
slightly below nominal cost in 2011. The increase above nominal rate is particularly large in 
2003, 2004 and 2005 because of the 8.1 per cent fall in prices recorded in 2003, as a result of 
a dramatic decline in prices of several types of manufacturing output (CSO, 2004)15.  
 
Figure 2A: Real and Nominal Interest Rates (%) on 1-3 year AA Loans, 3-year Moving Average  
 
 
  
                                                                                 
 
14  Alternative assumptions, where expectations are formed over a different period of time, would change 
these results. A sensitivity test with respect to the period over which expectations are formed is discussed in 
section 6.2. 
15  The major contributors to the 8.1 per cent fall in prices of manufacturing output in 2003 were ‘Office 
machinery & equipment’ (-18.8 per cent),‘Radio, television and communication equipment’ (-11.6 per cent), 
‘Basic chemicals’ (-11 per cent) and ‘Chemicals, chemical products and man-made fibres’ (-10 per cent) 
(CSO, 2004). 
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Figure 2B: Real and Nominal Interest Rates (%) on 5-7 year AA Loans, 3-year Moving Average  
 
Depreciation Rate 
Depreciation rates were fairly constant over the period 1985 to 2011 for both types of 
assets, as shown in Figure 3. Machinery and equipment, which has a relatively short useful 
life compared to industrial buildings, depreciated on average at approximately 11 per cent 
per annum, much faster than industrial buildings, which depreciated at approximately 4 per 
cent per annum. 
Figure 3: Depreciation Rate (%) on Machinery & Equipment and Industrial Buildings 
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Price of Investment 
The price of investment as measured by the investment deflator is illustrated in Figure 4 
below. Between 1985 and 2001, the price of machinery and equipment increased by 49 per 
cent. It then declined by 27 per cent over the period 2001 to 2011 relative to the price in 
2001. In 2007 the price of industrial buildings16 was 2.8-times higher than in 1985. The 
property price bubble collapsed in 2008, and by 2011 the price of industrial buildings was 27 
per cent lower compared to the peak in 2007, and 8 per cent lower than the price in 2000.  
 
Figure 4: Price of Investment (2010 = 100) in Other Machinery & Equipment and Other 
Buildings & Construction  
 
Real Capital Gains 
Nominal capital gains/losses are defined as annual changes in the price of investment. In 
order to generate real capital gains series, changes in prices of manufacturing output (CSO, 
2012d) were used to deflate nominal capital gains, and the assumption of backward-looking 
expectations was applied to the real capital gains series using three year moving average. As 
already discussed, in our view this simple representation of expectations captures a 
                                                                                 
 
16  The investment deflator for industrial buildings is the deflator for ‘Other building and construction including 
land rehabilitation’ based on data in Tables 15 and 17 of the National Income and Expenditure accounts 
(CSO, 2012b, 2012c). This deflator excludes costs associated with the transfer of land & buildings. Therefore, 
the deflator refers to both buildings and the associated land, but excludes transaction costs related to 
transfers of these buildings and land. 
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significant element of investment behaviour during the Celtic Tiger period, where it was 
expected that capital gains of the past would continue in the future17.  
The smoothed real capital gain series are shown in figure 5. Changes in prices of machinery 
and equipment fluctuated around zero over the period, while industrial buildings 
consistently recorded real capital gains until 2009, when a real capital loss of 6 per cent 
occurred for the first time since the beginning of the period in 198518. Furthermore, real 
capital gains/losses on industrial buildings were larger than on machinery and equipment, 
particularly during the Celtic Tiger period of the late 1990s and early 2000s, and during the 
subsequent collapse in property prices post 2008. 
 
Figure 5: Real Capital Gains/Losses (%) on Other Machinery & Equipment and Other 
Buildings & Construction, 3-year Moving Average  
 
Corporate Taxation 
Over the period 1985 to 2010, companies in the manufacturing sector in Ireland were taxed 
at an effective rate of 10 per cent19. From January 2011, this reduced 'manufacturing' tax 
increased to the standard 12.5 per cent rate for all projects (Revenue, 2012a). 
                                                                                 
 
17  A sensitivity tests with respect to alternative assumptions about real capital gain expectations is discussed in 
section 6.2. 
18  Capital gains on industrial buildings encompass capital gains on both buildings and the associated land on 
which buildings are on – see footnote 17. 
19  For projects established after 22 July 1998, a 12.5 per cent tax rate applied from 1 January 2003, however, 
existing projects which were eligible for the 10 per cent tax rate remained to be taxed at this rate until the 
end of 2010 (Revenue, 2012a). 
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Capital Grants 
In Ireland capital grants to manufacturing firms are provided by the Industrial Development 
Agency, Forbairt, Forfás, Udaras na Gaeltachta, the Shannon Free Airport Development 
Company and the Institute for Industrial Research and Standards. The data on the amount of 
capital grants provided by these agencies is available from the National Income and 
Expenditure Accounts (CSO, 2012b, 2012c)20. The ‘average’ capital grant rate, shown in 
Figure 6, was then calculated as a proportion of gross investment in manufacturing products 
from the National Income and Expenditure Accounts (CSO, 2012b, 2012c). The figure shows 
that capital grants were reduced from 15.3 per cent in 1985 to just over 7 per cent in 1989. 
They averaged approximately 8.5 per cent over the period 1990 to 1997, before declining to 
an average of just above 2.5 per cent over the period 1998 to 2011. At less than one per cent 
of gross investment in manufacturing products, they were the lowest in 2003 and 2004. 
 
Figure 6: Average Annual Capital Grant Rate to Manufacturing Industry (% of Gross 
Investment in Manufacturing Products)  
 
Initial and Annual Depreciation Allowances 
An initial allowance is the proportion of capital expenditure than can be offset against 
corporation tax immediately, and is therefore available only to companies with corporation 
                                                                                 
 
20  Based on the National Accounts, the amount of capital grants provided by the Industrial Development 
Agency, Forbairt, Forfás, Udaras na Gaeltachta, the Shannon Free Airport Development Company and the 
Institute for Industrial Research and Standards, is the exhaustive list of capital grants available to 
manufacturing firms. 
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tax liabilities. In Ireland, initial allowances apply to a proportion of qualifying non-grant 
capital expenditure, and can be set off against corporation tax in the accounting period in 
which the expenditure is incurred (Revenue, 2012b). A wear-and-tear allowance (annual 
depreciation allowance) is the rate of annual write-down of value of capital assets for 
accounting purposes based on the historical cost of the asset. In Ireland, firms are entitled to 
straight-line annual depreciation allowances on the proportion of capital expenditure for 
which an initial allowance was not already claimed (1 − 𝐴), but rates vary depending on the 
type of capital asset (Revenue, 2012b). 
The construction of time series which measure the impact on an ‘average’ investment 
project undertaken by manufacturing firms in Ireland is not straightforward. First, in a 
particular year, there is no single allowance which all manufacturing firms can set against 
their tax bill; rather a set of schemes and situation-specific rules exist, which govern the 
allowance applicable to a particular investment project. For example, in a particular year, 
the rate of capital allowance that a firm can set against tax depends on, inter alia, the type 
of the capital asset (machinery or building), purpose of the capital asset (e.g. factory, food 
production facility, road vehicle, etc.) and the location of the asset (e.g. operations in the 
Custom House Docks Area and the Shannon Airport Area generally qualify for higher rates 
than operations elsewhere)21. Second, a particular scheme might be in existence only for a 
part of the period 1985 to 2011, and several coexisted over the same period of time22. Third, 
the possibility of aggregating the data to an average allowance is limited because data on 
the proportion of projects to which a particular allowance applied are, to our knowledge, 
not available.  
The data in this paper were obtained from the ESRI databank (ESRI, 2012), where time series 
measuring the average initial and annual allowances available to manufacturing firms were 
constructed from a number of sources, including the Taxes Consolidation Act 1997 Notes for 
Guidance (Revenue, 2012b).  
The rates of initial allowance on machinery and equipment and industrial buildings are 
shown in Figure 7A. The entire capital expenditure on machinery and equipment was 
allowable against tax immediately for expenditures incurred in 1985, 1986 and 1987. This 
allowance was then reduced gradually to 1992, when just over 6 per cent of expenditure on 
machinery was allowable against tax immediately. One half of expenditure on industrial 
buildings was allowable against tax immediately between 1985 and 1990. The initial 
allowance on industrial buildings between 1990 and 1993 was the same as that on 
machinery and equipment: it was gradually reduced from 50 per cent in 1990 to zero in 
1993. While initial allowances on machinery and equipment were discontinued from 1993 
                                                                                 
 
21  For details on the law governing capital allowances see the section ‘Principal Provisions Relating to Relief for 
Capital Expenditure – Section 268 - 321’ of the Taxes Consolidation Act 1997 Notes for Guidance (Finance 
Act 2012 Edition) available at http://www.revenue.ie/en/practitioner/law/notes-for-
guidance/tca/index.html  
22  A summary of commercial schemes for various building projects see http://taxpolicy.gov.ie/wp-
content/uploads/2011/06/10.13-ANNEXES.pdf  
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on, between 1993 and 1999 initial allowances on industrial buildings gradually increased 
back to 50 per cent level. They remained at 50 per cent until 2007, and were finally 
discontinued in July 2008 (Revenue, 2012c). 
Between 1985 and 1992 the same rate of annual write-down of the historical cost applied to 
machinery and equipment and industrial buildings, as shown in Figure 7B below. The entire 
cost could be written down in a year between 1985 and 1987; then this rate was gradually 
reduced to just over 9 per cent in 1992. From 1993 onwards, industrial buildings could be 
written down over 25 years or at a rate of 4 per cent of historical cost per annum, and 
machinery and equipment could be written down over 6.6 years or at an annual rate of 15 
per cent of historical cost over the period 1993 to 2000, 5 years or 20 per cent of historical 
cost per annum in 2001 and 2002, and 8 years or 12.5 per cent of historical cost per annum 
thereafter. 
 
Figure 7A: Average Initial Allowance to Manufacturing Firms (% allowable against corporate 
tax bill)  
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Figure 7B: Average Annual Depreciation Allowance to Manufacturing Firms (% allowable 
against corporate tax bill)  
 
 
 
 
5. Estimates of User Cost of Capital in Irish Manufacturing Industry: 
1985 - 2011 
In this section, empirical estimates of the user cost of capital based on expressions in section 
2 and data described in section 4 are presented. The user cost is estimated for two types of 
capital assets: machinery and equipment23 and industrial buildings. On average, these capital 
assets comprised 98 per cent of total net capital stock24 in manufacturing industries over the 
period 1985 to 2011: machinery and equipment accounted for 52 per cent of net capital 
stock, industrial buildings were 46 per cent of net capital stock, and the remainder consisted 
of intangible fixed assets25. 
5.1. Estimates of Market Cost of Capital 
Estimates of the average annual market cost of capital and their factor decomposition26 
based on equation 14b are shown in Table 3 for machinery and equipment, and Table 4 for 
                                                                                 
 
23  Machinery and equipment includes ‘Other machinery and equipment incl. office machinery and hardware’ 
and ‘Transport equipment’. 
24  The net capital stock is the value of stock of assets adjusted for depreciation and retirement of fixed assets 
(CSO, 2012). 
25  Intangible fixed assets include computer software. 
26  Decomposition: 𝑐 = 𝑞(𝑟 + 𝛿 − Γ) = (𝑞 × 𝑟) + (𝑞 × 𝛿) − (𝑞 × Γ). 
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industrial buildings. The market cost of investing in machinery and equipment increased 
from an average of 19.92 over the period 1985 to 1989 to an average of 23.58 over the 
period 2005 to 2008. It then declined to 19.88 over the period 2009 to 2011. It was primarily 
driven by the real cost of financing and the depreciation cost; real capital gains did not have 
a major influence. 
The market cost of investing in industrial buildings fluctuated around 7 during the period 
1985 to 2004, before it increased dramatically to an average of 17.36 over the period 2005 
to 2011. Throughout the period its largest component was the real cost of financing. The 
cost of depreciation was the second largest component between 1985 and 1994 and 2005 
and 2008, while over the period 1995 to 2004 and 2009 to 2011 the value of real capital 
gains more than offset the cost of depreciation27. 
The relative impact of real capital gains on the market costs of capital is also illustrated in 
Figures 8A and 8A, which in addition to the market cost of capital solid line) also show the 
market cost of capital if real capital gains were zero (dashed line). While the market cost of 
machinery and equipment was not severely influenced by real capital gains (Figure 8A), 
during the Celtic Tiger period of the late 1990s and early 2000s this distortion was severe in 
the case of industrial buildings (Figure 8B).  
As already discussed in section 2.1, it is important to note that by incorporating the impact 
of capital gains in the estimates of the user cost of capital, we are assuming that firms could 
realise capital gains on the price of their fixed assets, either through a sale of the asset, or 
through borrowing against the value of the asset. While the extent to which manufacturing 
firms engage in the sale of fixed assets is uncertain28, given the generally loose credit 
conditions during the Celtic Tiger Period, it seems reasonable to assume that over this 
period, when real capital gains had a substantial impact on the cost of capital, firms could 
borrow against the value of the assets. 
 
  
                                                                                 
 
27  For the explanation of the decomposition of the market cost of capital refer to footnote 27. 
28  Firms might deem it more efficient to invest in new assets because assets of another firm might not be 
suitable for their operations. For example, if Intel’s plans to produce future generation chips in its Kildare 
plant go ahead, Intel is expected to invest more than €1 bn in the new production facilities (and not 
purchase  the facilities from another firm) (RTE, 2012). 
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Table 3: Decomposition29 of Market Cost of Investing in Machinery and Equipment (q: 
2010=100) 
 1985 - 
1989 
1990 - 
1994 
1995 - 
1999 
2000 - 
2004 
2005 - 
2008 
2009 - 
2011 
Average market cost of Mach. & Eqpt. 19.92 21.03 20.28 21.74 23.58 19.88 
of which:  
𝒒 × 𝒓 9.87 11.00 8.92 9.66 10.06 8.60 
𝒒 × 𝜹 9.90 11.10 11.87 12.94 10.82 10.91 
𝒒 × 𝚪 0.15 -1.06 -0.50 -0.86 2.70 0.37 
of which (as % of market cost):30  
𝒒 × 𝒓 50% 52% 44% 44% 43% 43% 
𝒒 × 𝜹 50% 53% 59% 60% 46% 55% 
𝒒 × 𝚪 1% -5% -2% -4% 11% 2% 
 
Table 4: Decomposition31 of Market Cost of Investing in Industrial Buildings (q: 2010=100) 
 1985 - 
1989 
1990 - 
1994 
1995 - 
1999 
2000 - 
2004 
2005 - 
2008 
2009 - 
2011 
Average market cost of Ind. Bdgs. 7.28 9.78 7.25 7.48 14.32 21.41 
of which:  
𝐪 × 𝐫 6.46 8.38 7.72 10.44 13.64 9.36 
𝐪 × 𝛅 2.20 2.65 3.31 4.73 5.31 4.16 
𝐪 × 𝚪 -1.38 -1.25 -3.78 -7.69 -4.62 7.89 
of which (as % of market cost):32  
𝐪 × 𝐫 89% 86% 107% 140% 95% 44% 
𝐪 × 𝛅 30% 27% 46% 63% 37% 19% 
𝐪 × 𝚪 -19% -13% -52% -103% -32% 37% 
 
  
                                                                                 
 
29  For the explanation of the decomposition of the market cost of capital refer to footnote 27. 
30  The sum of components might not add to 100 percent due to rounding. 
31  For the explanation of the decomposition of the market cost of capital refer to footnote 27. 
32  The sum of components might not add to 100 percent due to rounding. 
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Figure 8A: Market Cost of Investing in Machinery & Equipment with and without Real Capital 
Gains (q: 2010=100) 
 
 
 
Figure 8B: Market Cost of Investing in Industrial Buildings with & without Real Capital Gains 
(q: 2010=100) 
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Finally, Figure 9 shows that the market cost of investing in industrial buildings was lower 
than the cost of investing in machinery and equipment until 2008, indicating that over this 
period, the marginal product of machinery and equipment was higher than the marginal 
product of industrial buildings. The reversal of the relationship between the two market 
costs post-2008 coincided with the collapse in property prices33, and the decomposition of 
the difference between the two market costs in Table 534 shows that the difference between 
real capital gains became a major driver of the difference between the two market costs 
during the Celtic Tiger period, and during the crisis period post 2008. It is also important to 
note that the difference between the costs of investing in the two types of capital assets is 
the smallest during the period 2008 to 2011 compared with the differences over the period 
prior to 2008.  
Overall, the results show that compared to the prices of machinery and equipment, which 
did not enjoy large real capital gains, the boom in property prices during the Celtic Tiger 
period significantly reduced the cost of investing in industrial buildings. Similarly, real capital 
losses post 2008 significantly increased the cost of investing in industrial buildings, bringing 
it above the cost of investing in machinery and equipment. Naturally, industrial buildings 
and machinery and equipment are complements in the production process, and therefore 
the decisions of firms about the allocation of their investments across capital assets are not 
determined solely by the relative price of capital assets. However, the results suggest that 
the large difference in the relative cost of machinery and equipment and industrial buildings 
during the Celtic Tiger period could have affected investment allocation decisions of firms at 
the margin, making industrial buildings a relatively more attractive investment opportunity.  
Figure 9: Market Cost of Machinery & Equipment and Industrial Buildings (q: 2010=100) 
 
                                                                                 
 
33  Real capital losses on the prices of industrial buildings of 6 per cent and 9.6 per cent and 7.6 per cent 
occurred in 2009, 2010 and 2011, respectively, for the first time over the period starting in 1985 (see Figure 
5 in section 4). 
34  ∆𝑐 = 𝑐𝑀 − 𝑐𝐵 = 𝑞𝑀(𝑟𝑀 + 𝛿𝑀 − ΓM) − 𝑞𝐵(𝑟𝐵 + 𝛿𝐵 − ΓB) = (𝑞𝑀𝑟𝑀 − 𝑞𝐵𝑟𝐵) + (𝑞𝑀𝛿𝑀 − 𝑞𝐵𝛿𝐵) + (ΓB − ΓM) =
∆(𝑞 × 𝑟) + ∆(𝑞 × 𝛿) + ∆(𝑞 × Γ); where 𝑐𝑀 and 𝑐𝐵 are market costs of machinery and equipment and 
industrial buildings, respectively. 
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Table 5: Decomposition of Difference between Market Cost of Investing in Machinery and 
Equipment and Industrial Buildings35 
 1985 - 
1989 
1990 - 
1994 
1995 - 
1999 
2000 - 
2004 
2005 - 
2008 
2009 - 
2011 
Average difference between 
market costs of mach. & eqpt. 
and ind. bdgs. (Δc) 
12.64 11.25 13.04 14.26 9.26 -1.54 
of which:  
∆(𝐪 × 𝐫) 3.41 2.62 1.20 -0.78 -3.58 -0.76 
∆(𝐪 × 𝛅) 7.71 8.44 8.56 8.21 5.51 6.74 
∆(𝐪 × 𝚪) 1.52 0.18 3.28 6.83 7.32 -7.52 
of which (as % of average 
difference Δc):  
∆(𝐪 × 𝐫) 27% 23% 9% -5% -39% 50% 
∆(𝐪 × 𝛅) 61% 75% 66% 58% 60% -439% 
∆(𝐪 × 𝚪) 12% 2% 25% 48% 79% 490% 
 
5.2. Estimates of Individual Impacts of Policy Interventions on Market Cost of 
Capital 
The individual impacts of policy interventions on the user cost of investing in machinery and 
equipment and industrial buildings, estimated based on the framework developed in section 
2.2 and data described in section 4, are summarised in Table 6.  
Firstly, as discussed in section 2.2, the impact of capital grants is always to reduce the user 
cost below market cost. As capital grants declined substantially over the period, their impact 
on user cost also declined from 12 per cent between 1985 and 1989 to 4 per cent between 
2009 and 2011. At 2 per cent below market cost the impact of capital grants was the lowest 
over the period 2005 to 2008. 
It can also be seen in table 6 that taxation in the case of machinery and equipment was the 
only intervention which consistently increased user cost above market cost throughout the 
period. Otherwise, the impact of policy interventions was to reduce user cost below market 
cost. Capital grants had the largest impact until 1999 in the case of machinery and 
equipment, and until 1994 in the case of industrial buildings. Tax-related interventions 
dominated thereafter.  
Overall, Table 6 shows that tax-related policy interventions were in general more favourable 
in the case of industrial buildings. The only exception is the effect of taxation and 
depreciation allowances over the period 2009 to 2011, which was to reduce the user cost of 
investing in machinery and equipment below the market cost by 1 per cent, while increasing 
                                                                                 
 
35 See footnote 35 for derivation of the difference between the two market costs. 
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the user cost of industrial buildings above the market cost by 2 per cent. Therefore, in 
addition to an already low market cost of investing in industrial buildings during the Celtic 
Tiger period (as discussed in section 5.1 above), policy interventions further exacerbated this 
difference in the relative attractiveness of the two types of assets as investment 
opportunities at the margin.  
 
Table 6: Summary of Individual Impacts of Policy Interventions on User Cost of Investing in 
Machinery & Equipment and Industrial Buildings 
Impact of: 
User cost as proportion of market cost (%) 
 
1985 - 
1989 
1990 - 
1994 
1995 - 
1999 
2000 - 
2004 
2005 - 
2008 
2009 - 
2011 
Capital 
Grants 
Mach. & Eqpt. 
88 91 94 98 98 96 
Ind. Buildings 
Taxation36 
Mach. & Eqpt. 104 104 105 106 107 107 
Ind. Buildings 99 100 97 91 102 107 
Taxation & 
Depreciation 
Allowances 
Mach. & Eqpt. 94 97 98 98 100 99 
Ind. Buildings 90 94 92 84 95 102 
 
5.3. Estimates of Effective User Cost of Capital 
The estimates of a range of effective user costs of capital to different types of manufacturing 
firms, classified by the extent to which they are affected by the policy interventions as 
discussed in section 1.3, are summarised in Table 7. 
The results show that on average the effective user cost was below market cost. Compared 
to market cost, the reduction due to tax-related policy interventions (cases 1 and 2) was 
higher for the user cost of industrial buildings than the cost of machinery and equipment, 
except over the period 2009 to 2011. This corresponds to the results in section 5.2.  
For both types of assets, the lowest cost of capital was incurred by companies which were 
affected by all policy interventions, i.e. companies with a corporation tax liability that could 
avail of all grants and taxation allowances (case 1). The market cost was the upper bound for 
the user cost of capital, and was incurred by unprofitable companies which were ineligible 
for a grant (case 4). Other companies fall within categories between the two ends of the 
spectrum, and therefore their effective costs of capital lie between the minimum effective 
cost incurred by companies qualifying for all policy interventions and the market cost.  
  
                                                                                 
 
36 Taxation may sometimes reduce the cost of capital below market cost due to interest tax deductibility – see 
discussion of the impact of corporate taxation in section 2.2.  
                 Table 7: Summary of Effective User Cost of Capital in Possible Scenarios  
Case 
 
Applicable 
interventions 
Inapplicable 
interventions 
Average Effective User cost as proportion of market cost (%) 
 
1985 - 
1989 
1990 - 
1994 
1995 - 
1999 
2000 - 
2004 
2005 - 
2008 
2009 - 
2011 
1 All policy intervention None 
Mach. & Eqpt. 83 88 92 96 98 95 
Ind. Buildings 79 86 86 83 93 98 
2 Taxation, Depreciation Allowances Capital grant 
Mach. & Eqpt. 94 97 98 98 100 99 
Ind. Buildings 90 94 92 84 95 102 
3 Capital grant Taxation, Depreciation Allowances 
Mach. & Eqpt. 
88 91 94 98 98 96 
Ind. Buildings 
4 None All policy interventions 
Mach. & Eqpt. 
100 
Ind. Buildings 
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6. Sensitivity Tests 
6.1. Sensitivity to Interest Rates of the Estimated Cost of Investing in Industrial 
Buildings 
The estimated cost of investing in industrial buildings from section 5.1. is based on the 
interest rates charged on category AA loans with maturities of 5 to 7 years, described in 
section 4. Arguably, loans extended for investments in industrial buildings include mortgage 
type loans with maturities longer than 7 years. We used rates on 5 to 7 year loans to 
construct the baseline estimates in section 5.1. because these are the loans with the longest 
maturity in our dataset with rates on category AA loans, and we use this dataset because 
category AA loans include loans extended to the manufacturing sector, and are therefore 
the most representative interest rates for the manufacturing sector.  
However, in this section we re-calculated the estimates of the market cost of investing in 
industrial buildings with interest rates on loans with terms over 5 years extended to non-
financial corporations in the euro-area by credit institutions resident in Ireland. These rates 
are available from 2003 onwards from the Central Bank of Ireland (2012). They were 
converted into real terms using inflation in prices of manufacturing output, and backward-
looking expectations were applied to the real rates using three-year moving average. All 
other inputs remained the same as in the baseline case. 
The variation in the estimates calculated using different sets of interest rates is similar, as 
shown in Figure 10 below. However, the level of estimates is highly sensitive to real interest 
rates. The estimates calculated using rates on loans extended to NFCs with maturities of 
more than 5 years are, on average, approximately 55 per cent of the baseline37 estimates for 
the period 2005 to 2008, and approximately 75% of the baseline estimates over the period 
2008 to 2011.  
  
                                                                                 
 
37 Baseline estimates are the estimates of the market cost if investing in industrial buildings from section 5.1., i.e. 
calculated using interest rates on category AA loans with maturities of 5 to 7 years. 
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Figure 10: Market Cost of Investing in Industrial Buildings Using Alternative Real Interest 
Rates  
 
 
6.2. Sensitivity of Estimates to Assumptions about Expectations 
The baseline estimates of the user cost of capital presented in section 5 embed an 
assumption of adaptive, backward looking expectations of firms about the real cost of 
financing and real capital gains. As discussed previously, this simple assumption seems 
reasonable, particularly in the context of investment behaviour during the Celtic Tiger 
period, when it was expected that credit conditions and capital gains of the past would 
continue in the future.  
This assumption is applied using three year moving average, however, an alternative 
assumption where expectations are formed over a different period of time would change 
the results. In order to examine the sensitivity of the estimates to this assumption, the 
estimates of the user cost of capital were recalculated using five year and seven year moving 
averages for real interest rates and real capital gains. Because the alternative assumptions 
produce a similar pattern of variation across all effective costs (in each of the cases 1-4 
discussed in section 5.3), only the sensitivity of the market cost of capital (Case 4) is 
discussed here. 
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Impact of Alternative Assumptions about Real Interest Rate Expectations 
The market cost of investing in machinery and equipment and industrial buildings when 
adaptive, backward looking real interest rate expectations are imposed using three-year 
(baseline), five-year and seven-year moving averages, are shown figure 1238. Smoother 
estimates are produced when moving average is calculated over a longer period, but overall 
all market cost estimates follow a similar pattern regardless of the assumption about real 
interest rate expectations.  
In the case of the market cost of investing in machinery and equipment, the five-year 
moving average assumption did not cause a large deviation from the baseline case in which 
the assumption is imposed using three-year moving average, as shown in Table 8. The seven-
year moving average assumption created a larger difference: the market cost of investing in 
machinery and equipment using this assumption deviated from the baseline market cost by -
8 per cent between 1985 and 1989, and by 6 per cent between 1995 and 1999.  
On the other hand, significant deviations from the baseline market cost of investing in 
industrial buildings occurred with both alternative assumptions about real interest rate 
expectations, as shown in Table 8. In particular, when five-year moving average assumption 
is used, the market cost was 7 per cent below baseline market cost over the period 1985 to 
1989, and 9 per cent above baseline cost between 2000 and 2004. When seven-year moving 
average assumption is used the market cost of industrial buildings was 16 per cent below 
baseline market cost between 1985 and 1989 and approximately 15 per cent above baseline 
market cost between 1995 and 2004.  
Figure 11: Market Cost of Investing in Machinery & Equipment and Industrial Buildings Using 
Alternative Backward-Looking Expectations for Real Interest Rates  
 
                                                                                 
 
38 The assumption that real capital gains are formed based on a memory of 3 years is unchanged. 
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Table 8: Comparison of Market Cost of Capital (Case 6) Using Different Backward-Looking 
Expectations about Real Interest Rates 
Real Interest 
Rate 
Expectation: 
Market cost using expectations (1) and (2) as  of baseline39 market cost 
 
1985 - 
1989 
1990 - 
1994 
1995 - 
1999 
2000 - 
2004 
2005 - 
2008 
2009 - 
2011 
1 
Backward-
looking, 
5-year MA 
Mach. & Eqpt. 97% 101% 102% 100% 102% 102% 
Ind. Buildings 93% 100% 104% 109% 104% 102% 
2 
Backward 
Looking, 
7-year MA 
Mach. & Eqpt. 92% 100% 106% 100% 98% 103% 
Ind. Buildings 84% 98% 113% 115% 96% 104% 
Impact of Alternative Assumptions about Real Capital Gain Expectations 
The market cost of investing in machinery and equipment and industrial buildings when 
adaptive, backward looking expectations about real capital gains are imposed using three-
year (baseline), five-year and seven-year moving average, are shown figure 1240.  
The variants of the market cost of machinery and equipment do not display large 
differences. The alternative estimates of the market cost of capital (using five- and seven- 
year moving averages of real capital gains) differ from baseline market cost of capital by a 
maximum of 7% (Table 9). 
The variants of the market cost of investing in industrial buildings display larger differences. 
When five-year moving average is used, the market cost exceeds the baseline market cost by 
17 per cent between 1995 and 1999, and is 18 per cent below the baseline market cost 
between 2008 and 2011. When seven-year moving average is used, the market cost is above 
the baseline market cost by 24 per cent and 16 per cent over the periods 1995 and 1999 and 
2000 and 2004, respectively. It is 30 below baseline market cost between 2008 and 2011 
(Table 9). 
  
                                                                                 
 
39 Baseline market cost is the estimate of the market cost as presented in Section 4.1 (expectations applied using 
3-year moving average) 
40 The assumption that real interest rate expectations are formed based on a memory of 3 years is unchanged. 
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Figure 12: Market Cost of Machinery & Equipment and Industrial Buildings using Alternative 
Backward-Looking Expectations about Real Capital Gains  
 
 
 
Table 9: Comparison of Market Cost of Capital (Case 1) Using Different Backward-Looking 
Expectations about Real Capital Gains 
Real Capital 
Gain 
Expectation: 
Market cost using expectations (1) and (2) as  of baseline41 market cost 
 
1985 - 
1989 
1990 - 
1994 
1995 - 
1999 
2000 - 
2004 
2005 - 
2008 
2009 - 
2011 
1 
Backward-
looking, 
5-year MA 
Mach. & Eqpt. 103% 103% 99% 99% 98% 105% 
Ind. Buildings 105% 97% 117% 99% 92% 82% 
2 
Backward 
Looking, 
7-year MA 
Mach. & Eqpt. 103% 103% 99% 100% 95% 107% 
Ind. Buildings 106% 97% 124% 116% 87% 70% 
 
  
                                                                                 
 
41 Baseline market cost is the estimate of the market cost as presented in Section 5.1 (expectations applied using 
three year moving average). 
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7. Conclusion 
This paper provides estimates of the marginal user cost of debt-financed capital to Irish 
manufacturing industry over the period 1985 to 2011. The estimates are based on the 
concept of the user cost of capital, which is broadly defined as a measure of the economic 
cost to a firm of its usage of capital goods and services over a given time period. The 
estimates are provided for two types of capital assets, machinery and equipment and 
industrial buildings, and incorporate policy interventions aimed at influencing investment 
behaviour of manufacturing firms in Ireland. These include corporate taxation, capital grants 
and depreciation allowances. The cost of capital depends, inter alia, on the extent to which a 
particular investment project is affected by the policy interventions, and the paper provides 
separate estimates of the user cost of capital for four viable combinations of policy 
interventions.  
The estimates are used in two ways. Firstly, together with the cost of labour, the estimates 
are used as an input in an analysis of the impact of factor prices on the decision by firms to 
employ different combinations of inputs in a production process which is relevant for an 
understanding of the process of economic growth. Secondly, the estimates are used in 
modelling investment in the manufacturing sector.  
However, it is important to note that a firm’s capital structure usually consists of both debt 
and other financing sources. In particular, enterprise surveys conducted in 2005 (The World 
Bank, 2012) and 2012 (Department of Finance, 2012) suggest that the most important 
investment financing source was internal funds42. Debt financing was the single most 
important external source of investment financing for Irish private sector enterprises, 
accounting for approximately 50% of total external financing sources. In 2012 this is 
followed by trade credit (19%), equity (15%), new debt issues (4%), debt from non-bank 
financial institutions (4%), and informal lenders (8%) (Department of Finance, 2012). In this 
respect, the estimates in this paper refer to the cost of the single most important external 
source of investments financing for manufacturing firms in Ireland. Nevertheless, the 
estimates are only partial estimates of the overall cost of capital to manufacturing firms, and 
further studies should focus on the estimation of the cost of capital for other types of 
financing, and the integration of the cost of debt and the prices of alternative financing into 
a single estimate.  
The estimates of the cost of capital incorporate real capital gains/losses on the price of 
investment assets, thereby assuming that firms could realise these capital gains. This 
assumption seems plausible as during the Celtic Tiger period, when real capital gains had the 
largest impact, credit conditions were generally loose and firms could borrow against the 
value of their assets. However, if in the future real capital gains occur while credit conditions 
remain tight, thereby preventing firms to borrowing against the increased value of their 
                                                                                 
 
42  Internal funds/retained earnings accounted for 50% of overall investment financing in 2005 (The World 
Bank, 2012) and 74% of investment financing in 2012 (Department of Finance, 2012). 
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assets, the framework used in this paper will need to be modified to account for the impact 
of such credit constraints.  
The results show that real capital gains did not have a large impact on the cost of investing in 
machinery and equipment, but they created a large downward distortion in the cost of 
investing in industrial buildings during the Celtic Tiger Period. This result highlights the fact 
that the property price bubble during the Celtic Tiger was not limited to commercial 
properties; rather the boom also applied to industrial building. While industrial buildings and 
machinery are not substitutes in the production process, and therefore the decisions of 
firms about the allocation of their investment across capital assets are not determined by 
the relative price of capital assets, it is possible that, at the margin, this severe and 
prolonged distortion due to real capital gains during the Celtic Tiger period altered the 
investment decisions of manufacturing firms in Ireland. Future research should determine 
whether this distortion led to an overinvestment in buildings, and if so, examine the extent 
of this overinvestment.  
Finally, the results show that on average, policy interventions reduced the effective user cost 
of capital below the market cost. The lowest cost of capital was incurred by companies 
which were affected by all policy interventions, while the highest cost of capital, equal to the 
market cost, was incurred by firms which were not affected by any policy intervention. With 
the exception of the last three years, the reduction due to tax-related policy interventions 
was larger for the cost of investing in industrial buildings than the cost of investing in 
machinery and equipment. Assuming that the cost of capital matters for the investment 
decisions of firms, it appears that in addition to an already distorted cost of investing in 
industrial buildings due to real capital gains during the Celtic Tiger period, policy 
interventions exacerbated this difference in the relative attractiveness of the two types of 
investment assets as investment opportunities at the margin. This implies that if the tax-
related policy system were to be (more) neutral with respect to investment decisions, it 
should be counter-cyclical; i.e. if during the Celtic Tiger period the taxation system was to 
counter some of the distortion due to capital gains it would have to have introduced 
measures that would have, at least partially, offset the capital gains.  
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